Prostaglandin (PG) analogues are efficacious hypotensive medications widely used to lower intraocular pressure (IOP) in patients with glaucoma.\[[@ref1][@ref2]\] It is theorized that PG analogues act primarily through activation of matrix metalloproteinases (MMPs) and reduction of different collagen types in the eye.\[[@ref3][@ref4][@ref5]\] Cornea is a target tissue for topical PG analogues and may be adversely affected by chronic administration of such agents.\[[@ref6][@ref7][@ref8][@ref9][@ref10]\] Several studies suggest that the long-term use of topical PG analogues is associated with a reduction of central corneal thickness (CCT).\[[@ref6][@ref7][@ref11]\] Prior studies attributed decreased CCT to PG induced upregulation of MMPs and resultant degradation of stromal extracellular matrix. On the other hand, a recent 2-year prospective study by Bafa *et al*. reported increased CCT in glaucoma patients receiving bimatoprost or latanoprost therapy.\[[@ref9]\]

*In vivo* confocal microscopy (IVCM) is a noninvasive imaging technique to evaluate the corneal microstructure in health and diseased states. IVCM has been utilized to evaluate conjunctival blebs following trabeculectomy as well as the corneal epithelium and subbasal nerves to assess the ocular surface toxicity profiles of topical anti-glaucoma medications in glaucoma patients.\[[@ref12][@ref13]\] However, corneal stromal alterations associated with topical PG drops have not been extensively studied.\[[@ref8][@ref10]\] Thus, the aim of this study was to evaluate whether long-term treatment with topical PG analogues had any effect on keratocyte density and CCT of patients with primary open-angle glaucoma (POAG).

Materials and Methods {#sec1-1}
=====================

Subjects {#sec2-1}
--------

Thirty-five patients with POAG treated with PG analogues and 35 age-matched healthy control subjects were included in this cross-sectional study undertaken at a single university hospital between November 2011 and July 2012. The Tenets of the Declaration of Helsinki was followed throughout the study. Informed consent was obtained from all patients, and the study was carried out with the approval from the Institutional Review Board. Participants were divided into two groups: Group 1 was composed of patients, who had been exclusively treated with PG analogues for at least 2 years without any prior use of another class of glaucoma medication; group 2 was composed of healthy age-matched controls without any systemic or ocular disease. All patients were underwent a complete ophthalmic examination including slit-lamp examination, IOP determination and fundus examination. POAG was defined as open-angle detected by gonioscopy, an IOP \>21 mmHg with Goldmann applanation tonometer and characteristic glaucomatous optic nerve head changes (rim thinning, excavation, and/or retinal nerve fiber layer defects) and/or visual field defects were detected on ≥2 consecutive tests. Subjects who used any IOP-lowering drugs except PG analogues, those with any corneal pathology on slit-lamp examination, those with a history of ocular surgery or ocular trauma, those who were using contact lenses were excluded from the study. Control subjects were recruited during routine screening visits and had no history of ocular disease and pathologic ocular findings apart from cataract, normal appearing optic discs, normal visual fields and IOP measurements below 21 mmHg.

*In vivo* confocal microscopy of cornea {#sec2-2}
---------------------------------------

*In vivo* confocal microscopy of the cornea was performed using Confoscan 3.0 (Vigonza, Italy) attached to an immersion lens (Achroplan 40x/0.75 W, Zeiss, Oberkochen, Germany). The immersion lens had a working distance of 1.98 mm, a numerical aperture of 0.75, and the front surface area of 16.61 mm^2^. Data were collected for both eyes, and one eye for each patient was chosen at random. Before examination, each cornea was anesthetized with propacaine hydrochloride (Alcaine 0.5%, Alcon Laboratories Inc., Belgium). After application of Viscotears (Carbomer 0.2%, Novartis, Basel, Switzerland) as a coupling agent to the applanating lens, the full thickness of the central cornea was scanned, by the same operator. For each subject, four to six complete full-layer corneal scans were obtained. The images represented an area of 450 μm × 340 μm, had a lateral resolution of 1 μm, and a depth resolution of 10 μm. The mean magnification obtained was 500x on a 15 inch display (1024 × 768 pixels).

Image analysis {#sec2-3}
--------------

The best-focused two images for each stromal layer were selected for analysis, and the mean value was calculated. Keratocyte density was determined using a manual method of counting images of cell nuclei in a predefined area of confocal images, using the software provided with Confoscan 3.0. The size of the box kept constant for all study subjects. Cells that overlapped the boundary box were counted at only the superior and the left half of the box. Keratocytes densities were measured at the anterior (0--100 μm posterior to the basal epithelium), middle (half the distance between the basal epithelium and the endothelium), and posterior (0--100 μm anterior to the endothelium) stromal layers. The observer was masked to the clinical characteristics of patients and the randomization status.

Central corneal thickness {#sec2-4}
-------------------------

Central corneal thickness was measured in all subjects with an ultrasonic pachymeter (NIDEK Echoscan US-4000). To avoid the effects of the diurnal variation, all measurements were carried out at the same time of day (between 9:00 am and 12:00 am). In line with previously published methodology,\[[@ref6][@ref7][@ref9]\] CCT measurements were taken using ultrasound pachymetry by a single observer experienced in this field. For each patient, after instillation of a topical anesthetic (Alcaine 0.5%, Alcon Laboratories Inc., Belgium), 5 readings were taken and averaged.

Statistical analysis {#sec2-5}
--------------------

The data was evaluated in collaboration with the Department of Biostatistics. Data analysis was performed by SPSS 15.0 (Statistical Package for Social Sciences, SPSS Inc. IBM, Armonk, NY, USA) software package. The data were statistically analyzed using Student\'s *t*-test and Chi-square test. Correlations between keratocytes density and CCT were analyzed using Pearson\'s correlation coefficients and a *P* = 0.05 was accepted as statistically significant.

Results {#sec1-2}
=======

Thirty-five patients with POAG (22 female, 13 male) and 35 control subjects (14 female, 21 male) were enrolled in this study. The mean duration of the PG analogue treatment was 6.3 ± 3.4 years (range = 2--12 years) in the glaucoma group. The mean age of patients with glaucoma and control subjects were 65.2 ± 7.1 years (range = 50--77 years) and 64.4 ± 4.6 years (range = 59--82 years), respectively. There were no significant differences across the two groups with respect to age (*P* = 0.596) and gender (*P* = 0.94).

The mean keratocyte densities in three stromal layers and CCT values were significantly lower in patients with PG analogue therapy compared with control subjects \[[Table 1](#T1){ref-type="table"}, Figs. [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. Twenty-six patients were being treated with latanoprost and 9 with travoprost eye drops. The mean age of patients as well as the duration of topical anti-glaucoma therapy, were similar between groups \[[Table 2](#T2){ref-type="table"}\]. There were no significant differences observed in keratocyte densities and the CCT measurements between who were on latanoprost versus travoprost medication \[[Table 2](#T2){ref-type="table"}\]. A weak positive correlation between the keratocyte densities in each stromal layers and CCT was observed in patients with PG analogue therapy (anterior stroma, ρ = 0.412, *P* \< 0.001; midstroma, ρ = 0.572, *P* \< 0.001; posterior stroma, ρ = 0.547, *P* \< 0.001). A negative but statistically insignificant correlation was found between the anterior stromal (ρ = −0.014, *P* = 0.934), mid-stromal (ρ = −0.319, *P* = 0.062) and posterior stromal (ρ = −0.232, *P* = 0.179) keratocyte densities and duration of the PG analogue treatment.

![*In vivo* confocal microscopic images of anterior stromal keratocytes in a control (a) subject and patient treated with prostaglandin analogue (b)](IJO-63-15-g001){#F1}

![Mid-stromal section from a healthy subject (a) and a patient on prostaglandin analogue treatment (b)](IJO-63-15-g002){#F2}
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Comparison of the keratocyte densities and central corneal thickness measurements between glaucoma patients on PG analogue therapy and control subjects
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###### 

Comparison of the keratocyte densities and central corneal thickness measurements between glaucoma patients on latanoprost versus travoprost therapy

![](IJO-63-15-g004)

Discussion {#sec1-3}
==========

In this study, keratocyte densities and CCT were found to be lower in POAG patients on PG analogue therapy for at least 2 years compared with normal subjects. No differences in keratocyte densities were detected in patients receiving latanoprost versus travoprost. Overall, our results suggest a possible deleterious effect of topical PG analogues on keratocytes in the corneas of POAG patients. Our study is noteworthy in that the study subjects had only used PG analogues for the entire duration of their treatment.

There is limited data on the effects of PG analogues on the corneal microstructure. In a scanning laser confocal microscopic study by Bergonzi *et al*., PG analogue therapy was found to be associated with increased keratocyte densities in all corneal layers of patients with POAG independent of duration of PG analogue treatment.\[[@ref8]\] They hypothesized decreased extracellular matrix synthesis secondary to MMP activation with resultant increased keratocyte density within the same region as an explanation for their findings though CCT measurements were not made and this hypothesis was not tested in the study.\[[@ref8]\] In another study by Baratz *et al*., PG analogues, β-adrenergic blockers, and carbonic anhydrase inhibitors had no discernible effect on either keratocyte or endothelial densities of *ocular hypertensive* patients treated for a period of 6 years.\[[@ref10]\] Of note, the study by Baratz *et al*. did not have a separate study group consisting of glaucoma subjects.\[[@ref10]\]

In prior reports, PG analogues have been also found to be associated with reduction in tear break-up time and basal tear secretion, increased impression cytology grade of conjunctiva and altered meibomian gland function such as increased meibum score and meiboscore and tear film instability.\[[@ref14][@ref15][@ref16]\] However, it is yet to be determined whether decreased tear break up time and tear secretion can lead to reduced keratocyte counts in glaucoma patients.

The relationship between prolonged treatment with PG analogues and its impact on CCT is still unclear. The Ocular Hypertension Treatment Study (OHTS) group reported that the rate of CCT reduction in ocular hypertensive patients treated with topical PG analogues over 3.8 years was more than those who were on beta-blockers.\[[@ref11]\] OHTS group suggested that the use of topical PG analogues may be associated with a slightly higher rate of thinning in CCT. Viestenz *et al*., performed a nonrandomized controlled cross-sectional study of CCT among patients using topical PG analogues and found significantly thinner CCT among patients using PG analogue than among controls (539 μm vs. 539 μm).\[[@ref17]\] In a prospective study by Sen *et al*., a significant reduction in CCT at 6, 12, and 24 months was observed compared to baseline levels in both POAG and patients with pseudoexfoliation glaucoma treated with PG analogues.\[[@ref7]\] In another prospective study by Harasymowycz *et al*., the effect of topical travoprost on CCT was evaluated, and they found a mean decrease in CCT of 6.9 μm after 6 weeks of treatment.\[[@ref18]\] This amount of decline was found to be similar to the 6^th^ month decline with bimatoprost and 12^th^ month decline with latanoprost in the study by Sen *et al*.\[[@ref7]\] Zhong *et al*. reported a significant reduction in CCT during a mean treatment interval of 17.9 ± 15.7 months after initial diagnosis of patients with POAG and normal tension glaucoma who were treated with topical PG analogues.\[[@ref6]\] In an experimental animal model, Park, *et al*. showed corneal thinning with decreased collagen type I expression in the stroma by immunohistochemical staining in rabbits treated with PG analogues.\[[@ref19]\] In the same study, the topical use of PG analogues also resulted in increased MMP to TIMP ratio, which may be triggered by inflammatory cytokines such as interleukin-1 (IL-1) and IL-6.\[[@ref19]\]

In an experimental study by Wu *et al*., they showed that the latanoprost induced morphological and biomechanical changes in cultured corneal stromal cells and the extracellular matrix, such as modifying type I collagen distribution.\[[@ref20]\] However, Liu *et al*. found that latanoprost had no effect on collagen degradation by corneal fibroblasts.\[[@ref21]\] In a prospective study by Honda *et al*., an increase in MMP-1 and MMP-9 and a decrease in tissue inhibitors of metalloproteinases -1 in tears collected from glaucoma patients who were on PG analogues was detected.\[[@ref20]\] It has been shown that PG analogues increase the release of MMPs from tenon fibroblasts and ciliary smooth muscle cells.\[[@ref23][@ref24]\] Overall, these observations suggest that PG analogues may promote collagen degradation in the stroma.

In contrast to the findings of previous studies, a prospective study on medically treated chronic open-angle glaucoma patients reported an increase in CCT in patients who received bimatoprost or latanoprost, but no changes in travoprost group during a follow-up period of 2 years.\[[@ref9]\] The authors of that study were not able to associate their observations with any causal factor.\[[@ref9]\]

Although our data suggests reduction of CCT and keratocyte density with PG analogue therapy, we cannot make a distinction whether the observed changes are directly due to PG analogues or the preservative in the medication (benzalkonium chloride \[BAK\]). Although BAK exposure has been associated with ocular surface disease,\[[@ref25]\] corneal epithelial loss\[[@ref26]\] and trabecular meshwork damage,\[[@ref27]\] to the best of our knowledge there is no data linking BAK to keratocyte loss. However, in a study by Martone *et al*., higher number of activated stromal keratocytes was observed in the corneas of glaucoma patients who were treated with preservative containing anti-glaucoma drops as compared to those patients on nonpreservative medication, suggesting a possible role of preservatives in stromal changes.\[[@ref28]\]

One limitation to this study is the lack of baseline CCT measurements and keratocyte densities prior to initiation of treatment. CCT measurements and IVCM assessments were performed at least 2 years after the initiation of treatment with PG analogues. Thus, our data, as well as those obtained in other similar previous studies\[[@ref8][@ref17]\] cannot be used to make assumptions on time dependent changes related to PG use in corneas of glaucoma subjects. We also did not have any data on PG drop use in nonglaucomatous (i.e. ocular hypertensive) subjects. Glaucoma may be associated with corneal changes independent of topical medication use.\[[@ref29]\] Ideally, it would have been best to include a nontreated POAG group for comparison; only then we would be able to attribute changes in keratocyte densities to the treatment. However, withholding treatment from glaucoma patients for any period is not possible on ethical grounds. Since any class of topical anti-glaucoma medication as well as drop preservatives could adversely affect keratocyte densities, inclusion of a POAG group receiving another class of medication would not have made any significant contribution to the interpretation of the keratocyte density reductions. Thus, prospective cohort studies with long follow-up intervals are required for to make causal inferences and to obtain longitudinal CCT and keratocyte data from a well-studied cohort of individuals with who were on PG analogue treatment.

In conclusion, the findings of this study suggest that the long-term treatment with PG analogues may be associated with reduced keratocyte densities and corneal thickness. Prospective studies looking into time-dependent alterations of keratocyte densities associated with PG analogue use in both glaucomatous and ocular hypertensive subjects is needed to clarify the exact relationship between topical PG analogue use and its effects on corneal stroma.
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